Cytogenetic damage in individuals occupationally exposed to pesticides has received the attention of investigators in several countries, but no definitive conclusions can yet be made. The present study aimed at assessing if prolonged exposure to complex mixtures of pesticides leads to an increase in cytogenetic damage. Vineyard workers exposed to pesticides in Caxias do Sul (Brazil) were evaluated using the micronucleus (MN) test in binucleated lymphocytes and the comet assay in peripheral leukocytes. In order to evaluate if genetically determined individual variations in xenobiotic metabolizing capacity could modify individual susceptibility to the possible genotoxic effects of pesticides, the subjects were genotyped for several genes: GSTT1, GSTM1, GSTP1, CYP1A1, CYP2E1 and PON. The study involved a total number of 173 men: 108 were agricultural workers exposed to pesticides and 65 were controls. The present study showed a high rate of MN and DNA damage in pesticide-exposed individuals (P £ 0.001; MannWhitney U-test). In addition, some effects of genetic polymorphisms in PON in the modulation of MN results were observed in the exposed group, and an association between GSTM1, GSTT1 and CYP2E1 polymorphisms was suggested.
Introduction
Pesticides are extensively used all over the world and in recent years their use has increased. Large amounts of these chemicals are released into the environment, and many of them affect non-target organisms, being a potential hazard to human health. Pesticide exposure is ubiquitous, due not only to agricultural pesticides use and contamination of foods but also to the extensive use of these products in and around households. Individuals occupationally exposed to pesticides (such as field workers, mixers, loaders, appliers, etc.), who are in direct contact with these chemicals, may provide a good opportunity to study their adverse health consequences.
Exposure to pesticides has been associated with an increase in the incidence of non-Hodgkin's lymphoma (1, 2) , multiple myeloma (3), soft tissue sarcoma (4), lung sarcoma (5), pancreatic, stomach, liver, bladder and gall bladder cancer (6,7), Parkinson's disease (8) and reproductive outcomes (9) among others.
Regarding pesticide exposure, many reports dealing with chromosomal aberrations (10, 11) , sister chromatid exchange (SCE) (12, 13) , micronuclei (14, 15) and the comet assay (11, 16) found significant increases in these biomarkers, providing suggestive evidence of genotoxic effects induced by pesticides.
In view of these findings, the detection of populations at risk constitutes a very important topic. A wide range of methods is presently used for the detection of early biological effects of DNA-damaging agents in occupational settings. During the last few years, methods that are less time consuming are being required, as it is of public interest that hazardous chemicals are removed from the environment as soon as possible. Consequently, there is a need for rapid and reliable tests that detect DNA damage caused by agents under different exposure circumstances. Thus, the micronucleus (MN) test and the comet assay, which are used in human biomonitoring studies (16) (17) (18) , seem to satisfy many of these criteria.
However, biomarkers' studies are still not generating the type of reliable information needed for precise risk assessment. Some of the problems are due to inconsistent observation of biological effects from similarly exposed populations, lack of predictable dose-response relationship and existence of inter-individual variations in response to exposure (19) . Individual variations in polymorphic genes involved in xenobiotic metabolism and DNA repair were linked to increased risk of cancer in several casecontrol studies (20) . These individual differences may be important in the estimation of the risk to humans caused by the exposure to environmental toxicants. Understanding the significance of genetic polymorphisms in genotoxic response determination will also have an important influence on requirements concerning the use of human cells in genotoxicity testing (21, 22) .
In the present study, in order to assess if prolonged exposure to complex mixtures of pesticides could lead to an increase in cytogenetic damage, vineyard workers from Caxias do Sul (Brazil) exposed to pesticides were evaluated using the MN test in binucleated lymphocytes, and the comet assay in peripheral leukocytes. In order to evaluate if genetically determined individual variations in xenobiotic metabolizing capacity could modify individual susceptibility to the possible genotoxic effects of pesticides, the subjects were genotyped for several genes: GSTT1, GSTM1, GSTP1, CYP1A1, CYP2E1 and PON.
The study involved a total number of 173 individuals (men) from Caxias do Sul (in the northeastern region of the state of Rio Grande do Sul, south of Brazil). They were sampled from October to December, 2001 and 2002. Out of these, 108 were agricultural workers exposed to pesticides (mean age: 41.6 AE 11.6; exposed for $29.8 AE 14.2 years) and 65 were controls (mean age: 37.8 AE 10.6). All individuals examined in the study were asked to answer a Portuguese version of a questionnaire from the International Commission for Protection against Environmental Mutagens and Carcinogens (23) and to participate in a face-to-face interview, which included standard demographic data (age, gender, etc.), as well as questions related to medical issues (exposure to X-rays, vaccinations, medication, etc.), life style (smoking, coffee and alcohol consumption, diet, etc.) and occupation (number of working hours per day, time exposed to organic solvents, use of protective measures, etc.). In all groups, individuals who smoked more than five cigarettes per day for at least 1 year were considered smokers (control smokers 5 1; farmers 5 8). Caxias do Sul is a wine-producing region, and therefore daily wine consumption is a frequent habit; however, no alcoholism was detected. All agricultural workers were regularly exposed to pesticides about twice or three times per week from September to January, comprising $400 h/year. These pesticides consisted of complex mixtures of compounds, which changed according to the weather. Nevertheless, carbamates and organophosphates were the most used families of pesticides. Workers worked mainly in open fields, and the main crop was grapes. Pesticides were usually applied above the worker's head. Almost 90% of the pesticide-exposed workers reported using of some kind of protection during the preparation and application of pesticides (gloves, breathing masks, glasses, impermeable boots, etc.).
The control individuals were office employees living in the same region as the exposed individuals. Blood samples were collected during the same period for both groups. None of the control individuals were recently exposed to agrochemicals or any other suspected genotoxic agents, and they had no previous occupational exposure to genotoxins.
All blood samples were collected by venipuncture using two vacutainers (with heparin and ethylenediaminetetraacetic acid (EDTA)] and processed as quickly as possible, in order to prevent damage associated with storage; blood cell samples were transported to the laboratories at or below 8°C and processed within 8 h of collection.
MN test: cytokinesis-blocked human lymphocyte MN
For each blood sample, duplicate lymphocyte cultures were set up in culture flasks by adding 0.3 ml whole blood to 5 ml RPMI 1640 medium (Nutricell, Campinas-SP, Brazil), containing 1% (v/v) phytohaemagglutinin. Flasks incubated at 37°C for 44 h before adding 5 lg/ml of cytochalasin B (Sigma, St. Louis, MO, USA) and continuing incubation until the total incubation time reached was 72 h, as described by Fenech (24) . After incubation, lymphocytes were harvested by centrifugation at 800 r.p.m. for 8 min, re-centrifuged, fixed in 3:1 (v/v) methanol/acetic acid, placed onto a clean microscope slide and stained with 5% (v/v) Giemsa. For each blood sample, 2000 binucleated cells (i.e. 1000 from each of the two slides prepared from the duplicate cultures) were scored for MN presence, which was assessed using bright-field optical microscopy at a magnification of Â200-1000. All sides were coded to blind analysis.
Comet assay
The alkaline comet assay was performed as described by Singh et al. (25) with the modifications suggested by Tice et al. (26) . Blood cells (5 ll) were embedded in 95 ll of 0.75% low melting point agarose, and after agarose solidified, slides were placed in lysis buffer (2.5 M NaCl, 100 mM EDTA and 10 mM Tris; pH 10.0-10.5) containing freshly added 1% (v/v) Triton X-100 and 10% (v/v) dimethyl sulphoxide for a minimum of 1 h and a maximum of 2 weeks. After treatment with lysis buffer, slides were incubated in freshly prepared alkaline buffer solution (300 mM NaOH and 1 mM EDTA; pH . 13) for 20 min, and DNA was submitted to electrophoresis for 20 min at 25 V (0.90 V/cm) and 300 mA, after which the buffer solution was neutralized with 0.4 M Tris (pH 7.5), and the DNA stained with ethidium bromide (2 lg/ml). Electrophoresis procedure and the efficiency of each electrophoresis run were checked using negative and positive internal controls, consisting of whole human blood collected in the laboratory, with the negative control being unmodified blood and the positive control 50 ll blood mixed with 13 ll (8 Â 10À5 M) methyl methanesulphonate (CAS 66-27-3; Sigma, St Louis, MO, USA) and incubated for 2 h at 37°C. Each electrophoresis run was considered valid only if the negative and positive controls yielded the expected results.
Images of 100 randomly selected cells (50 cells from each of two replicate slides) were analysed for each individual using a fluorescence microscope equipped with a 12-nm BP546 excitation filter and a 590-nm barrier filter. Two parameters were evaluated: (i) damage index (DI), in which each cell was designated to one of five classes (from no damage 5 0 to maximum damage 5 4) according to tail size and shape [see figures in Heuser et al. (27) ]. The values obtained for each individuals could range from 0 (0 Â 100) to 400 (4 Â 100) and (ii) damage frequency (DF), calculated as the percentage of damaged cells. International guidelines and recommendations for the comet assay consider that visual scoring of comets is a well-validated evaluation method. Although the DI parameter is subjective, it is highly correlated with computer-based image analysis (26, 28) .
DNA extraction and genotyping
Genomic DNA was isolated from whole blood (collected using vacutainers with EDTA) by the salting out method (29) . Five polymorphic markers were investigated by genotyping using the polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) method.
GST genes: GSTM1, GSTT1 and GSTP1 GSTM1, GSTT1 and GSTP1 genes were typed by a multiplex PCR method, using a reaction mixture consisting of 100 ng of genomic DNA, 15 pmol of each primer, 10 mM Tris HCl, 4.5 mM MgCl 2 , 50 mM KCl, 100 mM dNTPs and 1.0 U Taq DNA polymerase in a total volume of 50 ll. The amplification protocol consisted of initial denaturation at 94°C for 5 min, six touchdown cycles of 1 min at 94°C, followed by 2 min at 59°C (decreasing to 54°C at a rate of 1°C per cycle) and 1 min at 72°C and 30 cycles at 94°C for 1 min, followed by 1 min at 55°C and 1 min at 72°C, plus a final extension of 5 min at 72°C. An aliquot of the amplification product was submitted to horizontal agarose gel (3.5%) electrophoresis to verify the presence or the absence of GSTM and GSTT fragments and the GSTP1 product was used as control for this reaction. Primer sequences were those reported by Harries et al. CYP450 genes: CYP1A1 and CYP2E1 CYP1A1*2C polymorphism was genotyped using the primers and the PCR conditions indicated by Cascorby et al. (33) . CYP1A1*1A (wild) and CYP1A1*2C (variant) alleles were detected after digestion with BsrDI enzyme. CYP2E1 polymorphism was analysed using the primers and PCR conditions described by Kato et al. (34) . An aliquot of the amplified product was submitted to PstI and RsaI enzymes in order to establish CYP2E1*1A/5B haplotypes.
PON gene
We investigated PON polymorphism in amino acid 192 (Gln192Arg) by PCR-RFLP, according to the description of Humbert et al. (35) . An aliquot of the PCR product was digested with AlwI, and the genotypes were resolved in agarose gel. The Arg allele (G or B type) is present in the high-activity allozyme, and the Gln allele (A type) is present in the low-activity allozyme at position 192 of the protein (Gln 5 99 pb fragment and Arg 5 69 and 30 pb fragments).
Statistical analysis
The normality of variables was evaluated by the Kolmogorov-Smirnov test. v 2 and t-test were used to compare the demographic characteristics of studied populations. The statistical analysis of differences in MN and DNA damage, as measured by the comet assay, was carried out using Mann-Whitney U nonparametric test. Correlations between different variables were determined by Spearman rank correlation test when applicable. Gene frequencies were estimated by gene counting, and Hardy-Weinberg equilibrium was evaluated by the v 2 test for goodness of fit adjusted for small samples. Effect of combined PON and GSTM1, GSTT1, GSTP1, CYP1A1 or CYP2E1 variants on MN frequency [mean AE standard deviation (SD)] in control and exposed groups were investigated using Mann-Whitney U non-parametric test. The critical level for rejection of the null hypothesis was considered to be a P value of 5%, two tailed. All analyses were performed with the SPSS/PC statistical software package.
Results
MN frequency in 2000 binucleated lymphocytes and comet assay results are presented in Table I . The comparison of MN frequencies shows statistically significant difference between controls and exposed individuals (P 0.001; Mann-Whitney U-test). Frequency ratio was $1.7 times higher in exposed individuals as compared to controls. The analysis of comet assay values (mean AE SD) indicated a significant increase in DI and DF (P 0.001) for the exposed group as compared to the control group (Mann-Whitney U-test). DI and DF frequency ratios were $4.6 and 5.7 times higher, respectively, in exposed as compared to control individuals. Negative (DI 5 0-4) and positive (DI 5 380-400) controls for each electrophoresis demonstrated negative and positive results, respectively (data not shown). No differences were observed between times of exposure-less and more than 3 days after pesticide application. No significant difference was detected in cytogenetic end points between the few smokers of both groups as compared to their non-smoking counterparts (data not shown). All individuals in this study were intentionally selected to be non-smokers in order to eliminate confounding factors, such as cigarette smoking.
GSTT1, GSTM1, GSTP1, CYP1A1, CYP1E2 and PON genotype frequencies of exposed and non-exposed individuals are shown in Table II . No deviations from Hardy-Weinberg expectations were detected, either relative to polymorphism or sample group, and genotype and allele distributions were similar both in the control and the exposed group. Table III shows the effect of individual genotype on the level of different biomarkers evaluated in control and exposed individuals. The control group showed an increase in DI and DF in CYP1A1*1A, as compared with CYP1A1*2C/À (P 0.01; Mann-Whitney U-test), and in DI in CYP2E1*5B/À relative to CYP2E1 *1A/*1A (P 0.05; Mann-Whitney U-test). There was a significant increase in MN frequencies in PON Arg/À individuals as compared to PON Gln/Gln (P 0.05; Mann-Whitney U-test). A significant increase in MN frequencies was observed in PON Gln/Gln individuals in the exposed group as compared to PON Arg/À individuals (P 0.05; Mann-Whitney U-test). No statistically significant effects of GSTM1, GSTT1, GSTP1, CYP1A1 or CYP2E1 variants were obtained in the comet assay or the MN test for the exposed group. No influence of duration of exposure on the comet assay and MN test was observed. Correlation between MN frequency and age was found to be significant for both the control (R s 5 0.272; P 5 0.037) and the exposed (R s 5 0.233; P50.001; Spearman correlation test) groups.
As it was shown that the PON genotype is associated with levels of MN cells in exposed individuals, an analysis of combined alleles was performed, considering the presence of one of the PON genotypes (Gln/Gln or Gln/Arg or Arg/Arg) and the other studied polymorphic genes (Table IV) . It was not possible to evaluate the combination of more than two genotypes because of the lack of individuals with the less common variant genotypes. Individuals of the PON Arg/À control group showed higher MN frequency values relative to the PON Gln/Gln genotype, independent of the type of combined polymorphism of GSTM1, GSTT1, GSTP1, CYP1A1 and CYP2E1 genes. However, a significant increase of MN was observed only in PON Arg/À genotype individuals with GSTP1 Ile/Val or Val/Val polymorphisms, as compared to PON Arg/À with GSTP1 Ile/Ile (P 5 0.016; Mann-Whitney U-test). PON Gln/Gln individuals of the exposed group showed higher MN frequency values relative to the PON Arg/À genotype, when polymorphisms of GSTM1, GSTP1, CYP1A1 and CYP2E1 genes were combined. A significant increase was observed in PON Gln/Gln genotype with non-null GSTM1 (P 5 0.023), non-null GSTT1 (P 5 0.029) and CYP2E1 *1A/ *1A (P 5 0.026) in relation to PON Arg/-genotype with nonnull GSTM1, non-null GSTT1 and CYP2E1 *1A/*1A, respectively (Mann-Whitney U-test).
Discussion
Pesticides constitute a heterogeneous category of chemicals specifically designed for the control of pests, weeds or plant diseases. Possible abuse or misuse can lead to significant levels of exposure, particularly among those occupationally exposed. Cytogenetic damage in individuals occupationally exposed to pesticides has received the attention of investigators in several countries, but no definitive conclusions have been reached yet. Literature reviews on this subject (36, 37) report that most studies found an increase in genotoxicity biomonitoring end points in pesticide appliers or users. Working environment, GSTM1 and GSTT1: non-null (wild-type homozygous or heterozygous) and null (homozygous gene deletion).
Evaluation of population exposed to pesticides personal protective equipment, time of exposure and exposure conditions are described in the literature as factors capable of affecting cytogenetic damage levels (36) . Another factor that complicates the comparison among different studies performed to date is the high number and variety of commonly used chemicals. The agricultural workers included in this study were also exposed to a great number of pesticides (.90% of the subjects were exposed to .10 different pesticides), and some of them are classified as carcinogenic by US Environmental Protection Agency (38) Table V) . In a recent review, Bull et al. (37) discussed genotoxicity in pesticide appliers and highlighted the importance of personal protective equipment usage. In our study, most workers (.70%) allegedly took all protective measures. Nevertheless, we noticed an increase in MN frequency, DI and DF among appliers, with no difference between those who used complete protective equipment and those who did not (data not shown). In addition, a significant association was found between age and MN. Age is known to affect MN frequency (27, 36) . Most pesticides have been tested in a wide variety of mutagenicity assays covering gene mutation, chromosomal alterations and DNA damage (36) . As most occupational and environmental exposures to pesticides are to mixtures of these compounds, genotoxic potential evaluated in single compounds cannot be extrapolated to humans. A literature review on genotoxicity in human groups exposed to pesticides showed a large number of studies employing the chromosome aberration test, SCE analysis or the MN assay. Pesticide sprayers are the most frequently exposed group of agricultural workers, with positive findings obtained in 18 of 27 biomonitoring studies, presenting 1.12-7.67 higher exposure rates (36, 41) . Negative results were obtained in 7 of 10 studies of exposure to single compounds and in only 2 of 17 studies on exposure to pesticide mixtures. In the present study, vineyard pesticide sprayers exposed to pesticide mixtures showed 5.7 and 1.7-fold higher DNA damage (comet assay) and MN frequency, respectively.
Many recent studies have explored the influence of single genotypes and the interaction of genotypes on genotoxic exposure biomarkers levels (27, (42) (43) (44) . The determination of polymorphisms is becoming an increasingly important aspect that may increase the sensitivity and the specificity of assays identifying effects and sensitive subgroups (21) . Glutathione S-transferases are a superfamily of polymorphic enzymes involved in the conjugation of reactive chemical intermediates and play an important role in the detoxification of endogenous and exogenous compounds. GSTM1 and GSTT1 polymorphisms owing to gene deletions result in null alleles, and homozygous individuals for deletions lack enzyme activity. When a GSTM1-null genotype is detected, it is impossible to metabolize some activated carcinogens, which increase the risk of DNA damage and may lead to cancer development (45) . The lack of GSTM1 appears also to be associated with an increased sensitivity to tobacco-smoking genotoxicity (22) . Cytochrome P-450 monooxygenases (CYPs) are phase-I enzymes that function in the metabolic activation of polycyclic aromatic hydrocarbons and other pre-carcinogens found in tobacco smoke. Many CYP isozymes are polymorphic, and genotypes associated with high enzyme activity or high inducibility are supposed to be at risk. There is a limited number of studies on the effect of CYP polymorphisms on chromosome damage, and their interpretation is complicated by unclear associations between CYP genotype and phenotype and rarity of variant alleles (22) . Paraoxonases (PONs) are responsible for the metabolism of organophosphate-based insecticides. Serum PON (PON1) activity plays a major role in the metabolism of organophosphates. Isoforms of serum PON exhibit substrate-dependent polymorphism characterized by different efficiencies of metabolism of chemical compounds belonging to the organophosphate class (22) . The genotype and allele frequencies observed in the present study are generally similar to those observed in many samples of healthy Brazilians of European descent (46) (47) (48) (49) . A significant increase in DNA damage (comet assay) in CYP1A1 *1A/*1A and CYP2E1*5B/À subjects and in MN frequency in PON Arg/À individuals as compared to CYP1A1*2C/À, CYP2E1*1A/1A and PON Gln/Gln in control individuals was detected in this study. According to Norppa (22) , polymorphisms of xenobiotic metabolizing enzymes may influence chromosome damage baseline level, if they participate in chromosome integrity inborn metabolism or if their substrate is a genotoxin to which most people are exposed. In addition, some variant genotypes seem to be related to a non-significant increase in MN frequency, as observed in the control group in this study, suggesting their possible influence on the background levels of this cytogenetic biomarker.
No significant increases in DNA damage and MN frequency related to GSTM1, GSTT1, GSTP1, CYP1A1 and CYP2E1 in exposed individuals were observed. A similar study was reported by Scarpato et al. (50) . They investigated the associations between two detoxifying genes (GSTM1 and GSTT1) and one biomarker (chromosome breakage) among pesticide-exposed farmers. Those authors did not observe any association between pesticide exposure and elevated frequencies of chromosome aberrations. Other studies (10, 36 ) also did not demonstrate any association between these genes and increases in cytogenetic damages.
A significant increase in MN frequency was observed in the PON Gln/Gln genotype. It was reported that enzymes from the PON genes are responsible for pesticide metabolism (10, 36) , suggesting that the 'unfavourable' alleles could have increased the body load of reactive genotoxic agents in exposed individuals. The importance of the metabolism of organophosphates has increased since their use increased .40 years ago. Paraoxon hydrolysis is catalysed by serum paraoxonase/ arylesterase, an enzyme associated with the lipoprotein fraction of the serum. There is a 10-to 40-fold difference in serum PON activity between individuals, which is genetically determined by polymorphism. Humans may differ in their susceptibility to parathion poisoning depending on PON allelic status. The Gln 192 allele codifies for a low-activity enzyme in contrast with the Arg 192 allele, which encodes a high-activity enzyme (35) . It has been suggested that individuals with low enzyme levels may be more susceptible to the toxic effects of organophosphates. This was observed in our study, where the exposed Gln/Gln homozygote individuals presented higher genotoxic effects caused by these pesticides, as detected by their higher MN frequency. No increase in DI or DF (repairable damage) for PON Gln/Gln was observed, which allows us to conclude Evaluation of population exposed to pesticides that the micronuclei observed may be due some deficiency in DNA repair mechanisms.
In the present study, the effect of PON polymorphism was detected in association with the different genotypes. A significant increase in micronuclei was observed in PON Gln/ Arg or Arg/Arg genotypes with GSTP1 Ile/Val or Val/Val in control individuals. GSTP1 is particularly important in the detoxification of inhaled toxicants, as it is the most abundant GST isoform in the lung. Recent studies suggested that the GSTP1 Val/Val genotype is associated with higher DNA adduct levels in human lymphocytes and in lung cancer (21, 22) . In the present study, GSTP1 seemed to modulate the basal MN frequency in the control group, as individuals with heterozygous or homozygous form (Ile/Val or Val/Val) presented higher values than those of individuals with the wild genotype (Ile/Ile). Since this effect was observed only in the exposed group (22) , it suggests the existence of an exposure versus genotype interaction. A significant MN increase was detected in the PON Gln/Gln genotype with non-null GSTM1, non-null GSTT1 and CYP2E1 *1A/*1A in exposed individuals. This observation suggests an increased risk of genotoxic effects in individuals with these particular genotype combinations. Genetic polymorphisms in metabolic enzymes have been studied in the last few years in order to understand the importance of genetic determinants in DNA damage, and some enzymatic isoforms were associated with individual cancer susceptibility (10, 36) . The results obtained herein suggest that PON activity can modulate the levels of MN frequency and that GSTM1, GSTT1 and CYP2E2 genotype may influence MN frequencies in workers exposed to pesticides.
Salvador et al. (51) , using the same group of farmers from Caxias do Sul, showed that mean cholinesterase level, which is depressed by organophosphates and carbamates, was significantly lower in farmers (5572 AE 2368 U/l) than in controls (7284 AE 2519 U/l). Although cholinesterase levels remained within the normal range in both groups, farmers' values demonstrated exposure to organophosphates and carbamates. Among the oxidative parameters analysed by Salvador et al. (51) , only thiobarbituric acid reactive substances and catalase levels were increased ($3-fold) in the farmers' group. When our results were compared with the Salvador et al. (51) data, no relation was found between PON activity and cholinesterase level (data not shown). Despite the reported relation between PON activity and the toxic effects of organophosphates (35) , the results of the present study demonstrate the action of a complex mixture of pesticides in blood cells of the farmers.
Genotoxic damage caused by chemical compounds can also be influenced by the individual inheritance of variant polymorphic genes involved in the metabolism of chemical compounds and in DNA repair mechanisms. Although the available data on agricultural worker populations suggest that subjects with unfavourable metabolizing alleles are more susceptible to genotoxic effects than those with favourable alleles, there are no conclusive findings as to whether metabolic polymorphisms affect chromosomal damage induced by pesticides. As workers are frequently exposed to complex mixtures of pesticides, it is difficult to attribute genotoxic damage to any particular chemical class or compound. The organochlorine compounds used in the past have been replaced by organophosphates and carbamates and more recently by pyrethroids, which is currently the most frequently used chemical class of pesticides. Experimental evidence shows that many of these compounds induce genotoxic effects on different genetic end points in bacterial and mammalian systems [see Bolognesi (36) ]. Although the significance of increased genotoxic effects is difficult to predict for individual subjects, the positive findings of biomonitoring studies suggest a genotoxic hazard at the group level. The evidence of a genetic hazard related to exposure resulting from the intensive use of pesticides stresses the need for educational programmes for agricultural workers in order to reduce the use of chemicals in agriculture and to implement protection measures. In conclusion, the present study showed an elevated rate of MN and DNA damage in pesticide-exposed individuals. In addition, some effects of PON genetic polymorphisms on the modulation of MN in the exposed group were observed, and an association between GSTM1, GSTT1 and CYP2E1 polymorphisms is suggested.
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